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Antonio Colombo, MD,y Vasileios F. Panoulas, MD, PHDzSEE PAGE 1E ven though coronary computed tomographyangiography (CTA) has demonstrated anexcellent ability to exclude coronary artery
disease (CAD), with negative predictive values
approaching 100% (1), it has shown a modest discrim-
ination in the prediction of functionally signiﬁcant
lesions. Furthermore, almost 1 of 10 patients present-
ing with acute coronary syndromes (ACS) has noncrit-
ical stenoses (<50%), suggesting that morphological
plaque characteristics may play an important role
in the genesis of ACS. Despite longstanding research
efforts, it appears that the link between lesion anat-
omy and function has yet to be established.
Fractional ﬂow reserve (FFR) has demonstrated
that angiographic stenosis severity on its own does
not sufﬁce to predict ischemia (2). Furthermore,
future cardiovascular events are reduced when per-
cutaneous coronary revascularization is performed
under FFR guidance (3,4). The prospective DISCOVER
FLOW (Diagnosis of Ischemia Causing Stenosis Ob-
tained Via Non-Invasive Fractional Flow Reserve)
study (N ¼ 103) (5), using computational ﬂuid dy-
namics to calculate a computed tomography (CT)
estimated FFR (FFRCT) (6), showed promise in pre-
dicting functionally signiﬁcant lesions (per patient
sensitivity 92.6%, speciﬁcity 81.6%). The initial
enthusiasm, however, was hampered by the results of
the more recent DeFACTO (Determination of Frac-
tional Flow Reserve by Anatomic Computed Tomo-
graphic Angiography) trial, which enrolled 252
patients, and validated FFRCT against invasive FFR;
the study results showed a per patient FFRCT sensi-
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this paper to disclose.not meet the pre-speciﬁed primary endpoint (7).
Following reﬁnements in FFRCT technology and
physiological modeling, the most recent study on the
ﬁeld demonstrated that FFRCT can provide high
diagnostic accuracy and discrimination for the diag-
nosis of hemodynamically signiﬁcant CAD when us-
ing invasive FFR as the reference standard, with area
under the curve (AUC) of 0.9 (FFRCT) versus 0.81
when using the traditional anatomical 50% stenosis
cutoff point (p < 0.001) (8).In the study presented in this issue of iJACC, Park
et al. (9) provide a link between anatomical lesion
characteristics and functional signiﬁcance, in stable
CAD patients. In other words, they attempt to im-
prove the discriminative ability of CT to predict le-
sions that cause ischemia utilizing solely anatomical
parameters. In this prospective study the authors
utilized the information obtained by coronary CTA
to better characterize coronary lesions that were
simultaneously evaluated by invasive coronary
angiography (ICA) and FFR in 252 patients without
previous revascularization. In addition to stenosis
severity and location, the following CT characteristics
were speciﬁcally evaluated: aggregate plaque vol-
ume, positive remodeling, low attenuation plaque (as
a marker for necrotic lipid laden core), and spotty
calciﬁcation. A remodeling index was calculated for
each lesion as a maximal lesion vessel diameter
divided by the proximal reference vessel diameter;
positive remodeling was deﬁned as an index of $1.1.
Of a total of 407 lesions coronary CTA lumen analysis
categorized 215 as “obstructive” (>50%). Of those
only one-half (119) were functionally signiﬁcant when
assessed by invasive FFR. More worryingly however,
almost 1 of 6 lesions classiﬁed as “nonobstructive”
using coronary CTA turned out to be functionally
signiﬁcant. Lesions with ischemic FFR were longer,
with a larger plaque volume and a remarkably higher
(up to 13-fold) prevalence of positive remodeling, low
attenuation characteristics and presence of spotty
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12calciﬁcations, collectively named as adverse athero-
sclerotic plaque characteristics (APCs). Besides being
longer and with more plaque volume, ischemic le-
sions in the initially deﬁned “nonobstructive” group,
had almost 4-fold higher prevalence of adverse APCs.
In multivariable analyses, after adjustment for lesion
length and lumen area stenosis the presence of 2
or more adverse APCs was associated with 13-fold
increased odds for ischemia. The authors extended
the possible value of adverse plaque characteristics
by calculating the category-free net reclassiﬁcation
improvement (or “index”). However, the calculation
of this new parameter, its interpretation and clinical
value remain a matter of debate and criticism in the
specialized statistical ﬁeld (10). Authors demon-
strated an improvement in the AUC for predicting
functionally signiﬁcant lesions after incorporating
adverse APCs in the prediction model (AUC: 0.86).
However, the authors omit commonly used statisti-
cal measures of the performance of a binary classiﬁ-
cation test (sensitivity, speciﬁcity, positive and
negative predictive value), hence head-to-head
comparisons with the FFRCT prediction models are
not possible.
The data carefully collected and analyzed by the
authors support the notion that simple lumen anal-
ysis has multiple limitations. ICA, an established
“gold standard” in lumen analysis, is gradually losing
ground when compared to other diagnostic tools such
as coronary CTA or intravascular ultrasound (IVUS),
able to look “beyond the lumen.” The impact of what
is between the lumen and the adventitia of the vessel
(the plaque not visible with angiography) is becoming
more and more relevant to lesion functional signiﬁ-
cance and future outcomes.
In line with this, the presence of long lesions and
diffuse disease appears more powerful in predicting
ischemia than lumen narrowing assessed in a single
dimension. An interesting issue that this study brings
to light is that 17% of lesions with less than 50%
luminal narrowing on coronary CTA, which are
usually not investigated further, were found to be
ischemic using invasive FFR. This new data may shedsome light on the old controversy about nonischemic
(in the past deﬁned as angiographically noncritical)
lesions causing acute coronary events: could it be that
some of these lesions are indeed functionally
ischemic?
As the authors suggest, a more comprehensive
coronary CTA report should incorporate the type and
number of adverse lesions characteristics, in addition
to the degree of luminal narrowing. Besides
improving the identiﬁcation of ischemic lesions,
adverse APCs have already been shown to associate
to future ACS (11), thus their presence in atheroscle-
rotic plaques tags patients with a high risk proﬁle,
for both ischemia and future cardiovascular events.
The presence of adverse APCs or absence thereof
could aid the decision-making process of cardio-
logists regarding the next management step (invasive
assessment or noninvasive functional test) in patients
with borderline lesions on coronary CTA.
To date, the only clinically applicable technologies
able to give additional information regarding the type
and the characteristics of a coronary plaque are vir-
tual histology (derived from IVUS) optical coherence
tomography, near-infrared spectroscopy, or intra-
vascular palpography, all of which are invasive tech-
niques. Currently, coronary CTA is able to pick up the
“highlights” of the plaque, such as a presence of a
necrotic core in a plaque with low attenuation or high
attenuation in areas of calciﬁcation. Future genera-
tion high-resolution CT scanners combining the
detailed anatomic assessment of lesion characteris-
tics alongside a robust CT perfusion (12) or FFRCT will
allow for coronary CTA to act as a “1-stop” test for the
detection and hemodynamic evaluation of CAD.
Invasive coronary angiography is getting old and in
the near future will only be utilized in selected cir-
cumstances, where coronary CTA is likely to
underperform.
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